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Health problem along decades

Plasma and blood derivatives have a long
story of disease transmission.

The progressive control in the production

methods has brought a sharp improvement in
the global safety of them.
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Virus in blood derivatives

« HAV

« HBV

« HCV

« HIV-1, HIV-2
Parvovirus B19
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Mechanisms of control

The control of potential biological contamination
on the biological products as blood derivatives
can be achieved:

— Evaluating the raw materials (as blood),

— Evaluating capabilities of the manufacturing
process,

— Evaluating product at proper manufacturing
steps.
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Mechanisms of control (2)

Troubles:

e There is not single assay to determine
occurrence/absence of known Dbiological
agents,

e The low level of contamination handicapped
the positiveness,

e Statistical consideration regarding the
sampling.
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"Solution”

To validate the capability of a
step/process in the inactivation or

elimination of viruses.
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Capabilities of the process on the
viral inactivation

The manufacturing processes of blood derivatives
must to implement viral inactivation steps. Only
those steps potentially able to have an inactivating /
eliminating effect on viruses have to be validated.

It's currently useful to add two effective steps,

different but complementary: at least one of them
should be effective against non-enveloped viruses.
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Treatments

e Thermal,
e Solvent-Detergent (SD),
e UV radiation,

e Nanofiltration (physical separation),
e Others.
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Thermal treatments = —

e Pasteurization (albumin):
— Stabilizers and how eliminate them,

— Conformational alterations and generation of
neo-antigens,

— Effective (VIH, VHA, VHB, VHC); Ineffective
(Parvovirus, SV40, Reovirus 3).

e Dry heat:
— Lyophilised substances bring to 60 — 100°C,
— Efficiency lower than pasteurization.

o Steam treatment.
— Vapour pressure and high humidity.
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Thermal treatments (2)
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Thermal treatments (3)

Thermal Inactivation of HAV

6
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Fig. 1. Inactivation of HAV (left) or the Sabin vaccine strain of
poliovirus type 1 (right) by pasteurization at 60°C for up to 10 hr.
Circles represent virus suspended in cell culture medium; squares
represent virus suspended in the factor VIII stabilizer solution. The
horizontal dashed line indicates the detection limits of the quantita-
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tive assay, while values below this line represent the semiquantita-
tive detection of virus by inoculation of cell cultures with large vol-
umes of heat-treated materials. Solid symbols represent samples
shown to contain infectious virus by either type of assay.
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Virus safety of factor Vill 129

Table 2. Inactivation (log,o) of non-lipid coated viruses by pasteurization (wet heat) at 60°C for 10 h

Incubation time (min)

Stabilizers®
Sample added Virus 120 600
F VIII yes BPC 0-3 0-5
yes Sv40 03 0-8
Albumin® yes HAV n.t. 38
no HAV n.t. >52

2 60% sucrose, 0-5 M glycin.
® Human albumin was used instea

n.t. = not tested.

d of F VIII to avoid neutralization of HAV by antibodies.

Dichtelmller et al., 1996. Biologicals
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Thermal treatments (5)

Inactivation
Virus  Genome Envelope Dry heat SD
HIV ssRNA yes  >6.6+0.5 >6.6+0.5

BVDV SSRNA yes >6.6+03 >6.8+0.2
VSV ssRNA yes >58+0.1 >4.7+0.1
HAV ssRNA no >5.31+0.6 NT
Reo dsRNA no >6.0+03 05+0.3
PSR dsDNA yes 5.7+0.6 >6.8+0.3
SV40 dsDNA no <1.0 <1.0
BPV ssDNA no 14+08 <1.0

Dichtelmller et al., 1996. Biologicals
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P. L. Roberts and H. Hart

Table 1. Inactivation of parvoviruses in BPL's factor VIII by freeze-drying and dry-heat treatment at 80°C

Canine parvovirus

Bovine parvovirus

Virus inactivation (log)

Virus inactivation (log)

Titret Freeze- Heat Titret Frecze- Heat

Sample* (log) drying  treatment Total} (log) drying  treatment Totalt
Pre-FD 5603 na§ na na 6200 na na na
Post-FD 49401 0-7+02 na na 48+00 14+00 na na
80°C/8 h 33+ 03 07+029 1602 23+02 41401 144009 0:7+£01 21+£01
80°Cf/24h <1-8+02** 0702 >31x02 >384+02 3701 14009 1-1£01 25+01
80°C/48h <1:8+02** 07+02] >31+ 02 >38+02 33+02 14+00 1-5+01 28401
80°C/72h <18x02** 07+029 >31+02 >38x02 35+01 14 00 13401 ;27401

*Samples pre- and post-freeze-drying (FD) and after subsequent heat-treatment.

+TCID;,/ml. Mean + standard deviation for duplicate vials.
1Total, i.e. freeze-drying plus 80°C heat-treatment.

§Not applicable.

Value taken from the post-FD vials.
**#Qince virus was undetectable, an estimated average standard deviation has been used.
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Solvent-Detergent treatment

e Incubation of plasmatic proteins in

combination with:
— Organic Solvent (TNBP),
— Detergent (Tween 80, Triton X-100, sodium cholate)
— Temperature (24 - 30°C)
— Gentle agitation up to 6 hours.
Impressive step forward in the inactivation of
enveloped viruses: No description of transmission of

HBV, HCV or HIV in blood derivatives previously treated
with SD.
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Solvent/Detergent treatment )

e Advantages:
— Enormous potential activity on any enveloped viruses,
— Relatively simple technology and equipment,
— No generation of protein neo antigens,

— no denaturing agent: excellent rate of protein
recuperation.

e Drawbacks:

— Elimination of solvent-detergent: ultra-filtration, protein
precipitation or protein affinity chromatography,

— No final step (extreme care to avoid recontamination),

— No effect on non enveloped viruses as HAV and
Parvovirus B19.
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Solvent-Detergent treatment )
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Solvent-Detergent treatment @) —

Table 10

Treatment of blood coagulation factor VIl solution with 0.3% TNBP and

Tween 80

Virus Extent of inactivation Inactivation time
(log IDs,) (hours required)

Vesicular stomatitis virus =4.5 2

Sindbis virus =55 1

Sendai virus =6.0 1

Hepatitis B virus =6.0 6*

Hepatitis C virus =5.0 6*

Hepatitis D virus =4.0 6*

Human immunodeficiency virus-1 =6.0 0.25

Sources: Horowitz (26) and Horowitz et al. (27).
* These studies were conducted in the chimpanzee model; 6 hours was the only time-point
tested.

26. Horowitz B. Investigations into the application of tri(n-butyl)phosphate/
detergent mixtures to blood derivatives. Current Studies in Hematology and
Blood Transfusion, 1989, 56:83-96.

27. Horowitz B et al. Viral safety of solvent-detergent treated blood products.
Developments in Biological Standardization, 1993, 81:147-161.
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Solvent-Detergent treatment )

tained

Solvent/detergent treatment of vaccinia 3

Table 2. Inactivation of Viruses by Treatment with Solvent/Detergent using{§i

Virus Inactivation (iog)A

Time
Virus 2 min 10 min 30 min 1hr 2hr 6 hr 24 hr
Sindbis 0-8 2:0 4-0 61 71 nd nd
HSV-1 2:8 56 >56 nd nd nd nd
VSV nd 32 41 >50 >55 nd nd
HIV-1 53 58 6-3 nd nd nd nd
Vaccinia nd 01 0-3 09 10 24 4.7
Polio-1 nd nd nd 0-2 nd 0-0 0-2

4 Conditions used were 0-3% TNBP/1-0% Tween 80 in Replenine® intermediate aw Mean
of 2-5 determinations. A greater than value is only given where virus was undetectable in all
cases.

nd, not determined.

Roberts, P. 2000. Biologicals
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o UV-C:
— Alterations in nucleic acids,

— Occurrence/addition of guenchers (rutin)
avoid/reduce protein modifications.

e UV + B-propiolactone (cold
sterilization):
— Good efficacy on HAV, HBV, HCV and HI1V,
— Significant loss of biological activity (FVIII).

VetBioNet Deliverable 5.6 20
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Virus Titer (log 10)
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Fig 2. Effect of rutin on recovery of factor VIl in an AHF concen-
trate. An AHF concentrate was treated with the indicated dose of
UVC in the presence or absence of added 0.5 mmol/L rutin. After
irradiation, the recovery of factor Vil coagulant activity was mea-
sured as described in Materials and Methods. The results presented
are the average of three experiments. The vertical bars represent the

standard error.

Chin et al., 1995. Blood
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Nanofiltration treatments

Segregation of protein and viruses regarding its size.
— Membranes from 15 to 45 nm,
— Several commercial systems,
— Relatively simple technology,

— Potential application to all plasma and blood
derivatives,

— Critical parameters: flux, working pressure and
rate protein solution volume vs filtration
surface,

— Currently run just before aseptic filling to avoid
ulterior cross-contamination.
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Nanofiltration treatments o) —

Advantages:

— Integrity of filters and capability of viral elimination can be
validated,

— No patent to pay,
— No denaturing; high rate of protein recovery,
— Viral elimination regarding its size and the pore of the
nanofilter used.
Drawbacks:
—  Cost of the nanofilters,

— It is not suitable to protein concentrates of high molecular
weight.
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(a) Single filtration (b) Double filtration

Fig. 2. Schematic representation of single (a) and double (b)
nanofiltration modes.

Burnouf and Radosevich. 2003. Review article: Nanofiltration of plasma derived biopharmaceutical products.
Haemophilia 9,24-37.
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Table 4. Reduction of HAV and EMC from 7% IVlg by filtration
(a) Filtration

HAV EMC
Total pfu Total pfu
Sample (logie) Log reduction* (logo) Log reduction*®
Spike virus 8:6 — 86 -
L.oad 82 — 84 —
Process control 7-9 03 6-4 20
75 nm filter 3.7 4.5 7-3 1-1
35 nm filter 1 <35t >4-7 5-1 33
35 nm filter 2 < 3-5% >4-7 41 4.3

(b) Virus neutralization} and assay interference/toxicity§ by 7% IVIg

HAV EMC
Neutralization Interference Neutralization Interference
(logio) limit (logyo) limit
7% IVig 0-7 1:10 2:2 1:5

*Log Reduction = (Total log pfu of Load)—(Total logi,, pfu of sample).

{Zero plaques observed 1n sample. Total pfu are expressed as < limit of detection for
0-2ml of a 1:10 dilution dosed/60-mm dish.

iNeutralization = (Total log, spike)— (Total log,, Process control).
§Dilution at which no toxicity and/or interference with plaque formation 1s observed

Troccoli et al., 1998. Biologicals
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Table 5. Reduction of BPV and PPV from 7% IVIg by filtration
(a) Filtration

BPV PPV
Total pfu Total pfu
Sample (log) Log reduction* (logio) Log reduction*
Spike virus 7-4 . — 84 —
Load 59 — 84 —_
Process control 4-9 1-0 8-2 0-2
75 nm filter <54% N.D. 7-5 0-9
35 nm filter 1 <54% N.D. 6-7 1-7
35 nm filter 2 <54% N.D 5-8 2-6

(b) Virus neutralization} and assay interference/toxicity§ by 7% IVIg

BPV PPV
Neutralization Interference Neutralization Interference
(logio) limit (logio) limit
7% IVig 2-5 1:1000 0-2 1:6

*Log Reduction = (Total logi, pfu of Load)—(Total logi, pfu of sample).

1Zero plaques observed in sample. Total pfu are expressed as < limit of detection for
0-2ml of a 1:1000 dilution dosed/60-mm dish.

N.D.: Could not be determined due to neutralization and interference with viral
plaquing to a dilution of 1:1x10°

iNeutralization = (Total log,, spike)— (Total log,, Process control).
§Dilution at which no toxicity and/or interference with plaque formation is observed.

Troccoli et al., 1998. Biologicals
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Other treatments

e Acid pH (IgG):
— pH 4 at 30 — 37°C along 20 hours strongly

effective against enveloped viruses as HIV,
VSV, CMV and HSV,

— Scarce effect on non enveloped viruses as
poliovirus.

e Gamma radiation

VetBioNet Deliverable 5.6 28
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Gamma radiation
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Figure 7. Inactivation of porcine parvovirus by increasing doses of gamma irradiation. PPV was spiked into the
monoclonal antibody solutions in the presence (®) or absence (W) of ascorbate. The samples were irradiated to
the indicated final doses then assayed by the TCID4, method. Each point represents the average of duplicate titres.
The limits of the assays’ sensitivities are indicated by the horizontal dotted lines. The limits are different because of
toxicity of ascorbate to the target cells at the low dilutions.

o

Grieb et al., 2002. Biologicals

VetBioNet Deliverable 5.6

%
%.
%

&

VETBIDNET
&

&

G AN
"Ocontaineg research

29



IRTA

Gamma radiation (2)

Pathogen inactivation of monocional antibody preparations 215

'
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Figure 9. Inactivation of porcine parvovirus by increasing doses of gamma irradiation. PPV was spiked into the
monoclonal antibody solutions in the presence (@) or absence (W) of ascorbate. The samples were then frozen and
maintained on dry ice throughout the irradiation process. The samples were irradiated to the indicated final doses, then
assayed by the TCIDy, method. Each point represents the average of duplicate titres. The limits of the assays’
sensitivities are indicated by the horizontal dotted lines. The limits are different because of toxicity of ascorbate to the
target cells at the low dilutions.
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Clinical evidence of transmission of infectious
agents through blood derivatives

Virus Plasma Albumin Clotting factors Clotting factors after
before VIS Viral Inac. Steps (VIS)

HIV + - + -

HBV + - + -

HCV + - + -

HDV + - + (scarce) -

HAV + - + (scarce) + (scarce)

PB19 scarce - + +

EIV: Etapas de inactivacion virica
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Viral elimination in commercial plasma products

Product SD Pasteuriz. Vapor Dry pH4 B-propiolact. Nanofiltr.
heat
Albumin +++
IMIgG and ++ ++ +++
IVigG
Factor VI +4++ ++
Factor IX +4++ ++

C. Protrombin

Factor VII

Factor XI

Fibrinogen ++

Antithrombin lll ++
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European Agency for the Evaluation of Medicinal Products

(EMEA).

*Scientific advice on quality, safety and efficacy of medical products
for human or animal health,

Organize quick, transparent and efficient procedures for the
authorization, surveillance and, if necessary, withdraw of medical
products.

consult w.w.w.msc.es  w.w.w.eudra.org
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Objectives of viral validation
studies

® To demonstrate that the manufacturing process will
inactivate/eliminate the viruses occurring in the raw
materials and,

® to make evident that the manufacturing process will
have the capability to eliminate or withdraw new
and/or unpredictable viral contaminations.

® The killing of all viruses potentially retained in a
manufacturing step have to be demonstrated
previously to the reutilization of its
components/reagents.
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Design of viral validation study

Relevant viruses: those viruses potentially occurring in the raw
materials involved in the manufacturing process, or viruses of the

same specie.

When relevant viruses are not available, they will be replaced by
specific model viruses (surrogate), so, viruses with similar /
equivalent characteristics to the aforementioned.

The study of robustness of a particular step/process must be
performed with non specific model viruses with special preference
for the most resistant ones.

The choice of viruses to be studied is
critical.
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Design of viral validation study (2)

VIRUS Family
VHA Picornaviridae
PV Picornaviridae
PVP Parvoviridae
ADV Adenoviridae
BVDV Flaviviridae
BPV  Paramyxoviridae
HSV-1  Herpesviridae
\'AY Poxviridae

Morphology
Icosahedral non enveloped
Icosahedral non enveloped
Icosahedral non enveloped
Icosahedral non enveloped

Icosahedral enveloped
Icosahedral enveloped
Icosahedral enveloped

Complex virus

VetBioNet Deliverable 5.6
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ss RNA
ss RNA
ss DNA
ds DNA
ss RNA
ss RNA
ds DNA
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Stabili
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High
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Log10(N)
Log10(N)

time time

Commenly observed types of inactivation curves. Left plot: linear (37, shape I), linear with tailing (x, shape II), sigmoidal-like (O, shape
111), linear with a preceding shoulder (C, shape IV). Right plot: biphasic (37, shape V), concave (%, shape VI), biphasic with a shoulder (O,
shape VII), and convex (O. shape VIII)

Geeraerd, A .H., Valdramidis, V.P., and Van Impe, J.F. (2005) GInaFiT,
a freeware tool to assess non-log-linear microbial survivor curves.

Int. J. Food Microbiol. 102: 95-105.
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Design of viral validation study (3)

e The number of spiked viruses should be the higher
possible (but not more than 10% of total volume),

e The viral titration will be immediate; avoid dialysis,
ultracentrifugation, storage at any temperature,

e The quantitative assays (viral titrations) must be
done following GLP, with adequate sensibility and
reproducibility.

e The objective is to reach Reduction Factor (FR)
higher than 4 log,.

VetBioNet Deliverable 5.6 38
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Limitations of validation studies

e Different laboratory virus strains; different sensibilities
to the treatment; different aggregation rates...,

e Viruses persisting specific treatment step can be less
susceptible to the other following steps, which can
alter the kinetics of inactivation,

e The scale down ARE NOT a manufacturing process,

e The summa of RF from multiple steps, including those
less effective (< 1 log,,) can overestimate the true
potential of virus elimination of the whole process.
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Limitations of validation studies

All viral validation studies must be
considered as approaches to the actual
capabilities of the manufacturing process.

Pay attention!! Any relevant change in
the manufacturing process should imply a
new validation study.
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Thanks a lot for
your attention.
Questions?
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